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SUMMARY—"

Results of measurements described i» the previous Report are discussed.
‘\iBHaii effect measurements were made, a~d experiments for e'iminating the inhorogeneities
e . . e AT X . A
on the image intensifier pane. hawe-beea started Work o~ evasorated E. films has_been
~1
started. /
! D:SCUSS!ON OF PC CHARACTER.S7 (¢

_,~%?Three sintered CdSe P. ce.. .3 in toth cop'a-er a~d sandwick co~struction were

s tudied, as—deseribed—i-n—the~previous-Reporr=rNo=-2+- (urrents as a function of
the applied voltage with the i lurinatio~ a> parameter were recorde. , and decay
and rise time-constant measureme-ts at differe~t light i~te-sities were made From
these measurements and Lhe georetricar data of :he ceiis, fu-~darental semiconductor

characteristics were calculated, as described i~ Tabte | and Tab'e 2 of Repcrt No 2

S 15

given in Tahle 3 of tne <are Report

The numerical data for ore of the
o e ll .ﬁ/"

The discussion of these datae fo rows hé
A Aeg oL,

Examination o?\FTgures I a~d 2 and of the corresponding nurerica! data in

Table 3 shows a large difference between the characteristics of coptanar and

sa~dwich construction \surface and vo ure curre~ts) c¢f the sare rateriaf While
the coplenar cell has high dark current and ~ear»y li-ear curre-t vs voltage
relation \ohmic electrodes;, the sandwich cet!' shows .inearity o~y below 10 voils,

and becomes hightly superti~ear above 50 volts whe~ the too e ec:rode is po:itive.
Wren the top erectrode is regative this suzer ineariiy s:art. at ower vo.tages

'~ both cases (top - and + be :_aer’ircari-y become- evide~i at ower vo lages
when the i+tumination i. 'ower  Lonsideri~q the fie d stre~gth. for both the

copia“ar ard sandwich constructio~s. one ¢a'cv-ates a fie d sire-gih of

33 x 103

is> teached with 1.6 volts o~ the sa dwichk ce Toerefore, meascreme-is with

volts/cm with 100 vorts on the cop arar cc The -ame lie d strergth

higher lield strengths on the co a .« cer stoo d ve rade ler seeing if a suser-
inearity exists there as we: it . (rue tral the e ectrode: i- the (wo cases

are somewhat! different i~ the coplarar ce ¢ toth e ectrodes are tir-oxide whi ¢

Fiaures and Tables reter Lo trose i~ Mi-tbh y Tech-ica E-geneeri-g Report No 2



= the <a~dwicr ce | the botter e ectrode i5 i oxide a-d the tod eiectrode i,

i
go'd 're i~ oxide eiccrrodes arc vresent duri~g the nigh terzerature paki~g of

the te ' white ke go'd c.ectrede i~ evaporated alier the -i~teri-g

L -

to- coroarirg the cos'a~ar a-d -a~dwic ce <. the corduciivilies nust be
co~sidered  Tne data i~ Tabe 3 revea & orge differe-ce nc-e tha~ ore ».-dred

Ciwe- kigher condeciivity of the cop.aar ce.. thar the: of the -a-~dwich ce.

Fi-c ivTurinoiie~ a-d nighe:r lavtor 2l ower i wri~atic~, Tei jcereasing

at
corductivity ratio at decrea~i-g i winatio. i wa..ed by -.b irearity in the
corrvent ve  Yight intersity characierisiic. kat prevaits for the cop arar e

a-d the s_pervinearity tha! exists for tre sa-dwicr ce

Cre tries Lo exp ain the-e va iz-ics by Lhe diftere ce. betwee the crysta
structere of a surface taye” a~d 'nat of i(ne i-~side of ke rateria However ,

asother reason for the differerce i- tne ab.orctio” of high e~ergy choio-- :%J<;\@
‘ - rax
i~ a3 very thin tayer of the (dte  Thi dce. -ct Zrese -t 2avy prob ers fcr the

cos 2mar ce't if the ight e~ters o the o cotrode ~ide  But il the Tight
o tne other side the shorier wevee grth- are absorbed fa-ter 1thas the oager oces

a d the speclral respon.c curve 15 tracslerred to rorger wave engine cee Figure

20 i~ Fira® Report NAVTRADEVIEN 662- coire (ase of caodwion constraction the

curre~t carrier electrots must be trass.orted through the tayer [rom the segative

coectrede to the positive cerecirode The ¢ is no oo icctior wren the  ight

¢ olets o Lhe negative cheltrode Vo T ke acasarere 0o ¢ty the excied

¢ wctrons have o be diffosed toward the positive eectrode  wWees the vight erters

o the positive eqectrode o0 ' ke cea Lrerest 0 the ceqative etrectrode

ha< to ~uop y the e'ectronrs Thi  ¢a» rappe o= i~ 'he £a+0 i+ (he "ormo

corduction mecharise of the (op arar (et a- we: The eteotron whadh are jves

at o he positive electrode is rep eri-bed witn a cew crectren enitred Iror the

cerdi U te the PO rateria The

wegative ceectlrode i1 this ciectrode haso obpic

e ~pRCCTta Te-u0r-¢ curve  see Frogure 30 oroves thar the excited

\l‘llA: P

¢oedtross ore primarily resso sibte for the shoto-caerrent




The increasingly superlinear dark curre~t at increasing fieid strergths is
explaired by the space charge limited currents. A~ iqertia phe-omena with
changing field strength is cornected to thi: rechesism. aad both wiitl be studied

at a iater date.

The decay and rise time constarts of -he cel s were measured at an ear'ier
date. Comparing Figures 4 and 5, one sees tnat :ire resconse time of the sandwich
cel' is siower than the copiarar ce.! by a fac:ier of approxirate'y five. The
rise time constart is about three :times righer thi- the decay time constart ir
both cases. In the calcuiatiors on'y the decay tive con<tan:s were corsidered.

3

For the gain-calculation, it was supsosed that there are about 10'I
sec in | ft-c of light intensity and the guariur efficiescy is . The curves in
Figure 7 show that the gain is higher with nigher voltage, reaching ﬁOq electrons/
photons at 50 V. The positive or nega:zive s.ope of these curves correspords to

super linear or sublinear currert vs. [ight i-~tensity characteristics respectively

The M-factor is corrected to the maximer gain avai'ab'e with a PC materiarc.
The maximum gain is limited by the fie«d stre-gth where :pace charge ‘imited
currents enter and in this case M |3 equa o0r ower (ran one. In some specia.
cases M can be higher than onc representirg a PO materio with sucerior character-
istics. The M factor of our photoce. : \Figue 8} :row (hat they are i~ the

general category, where M << '

For caiculating the erectron de~sity - it was assored that the mobiivy
. . 2 . . ) .
i> equa! 10 cm /volt sec. 't was assumed furthermore that the absorption and
corduction mechanism in the cop:anar ce '« takes piace i~ a thickness ol about
10 micron (L), In the case of the sandwich cc ' the currer: goes through the
total thickness. The tife time of the carrier, coculated with these assumptions,

is acceptable for the sandwich cel!’, but are in contradiction with decay time

corstant measurements for the cop anar cei A rarger varue tha~ the decay

photovs/cm2




time is obtained which is impcssibie. To overcome this difficulty one has to
assume, at least for the copianar ce!!l, that the mobility is equal to about

100 cm2/V sec. |t is not unreasonable to suppose that the mobiiity is higher
for the surface currents, than for the volume currerts. Data calcuiated with

u = 100 cmZ/V sec for the coplarar cei!, are presented in Table &.

Figure 9 shows the caicuiated trap distributions for both types of cei's.
As is to be expected, the trap distribution is the same for 10 and 50 volts,
the trap density is higher fer the sandwich "top -'" case and the trap distribution

is nearly exponential.

itl. OTHER EXPERIMENTAL WORK

Some Hall constant measurements were made, but the 'ow signal to noise ratio

in the measured Hall-voltage gave toc high errors, and the values obtained for
the mobility are not dependabie. Imprcvements are being made on the measuring

irstrument.,

Some experiments were made for finding out what is the cause of the grainy
structure in the image intensifier parei. (dSe P{ iayers made with powders
{1) ball milled much jorger (16 hours) tha~ usuai; (2]} prebaked much longer .8
hours) than usual. The org bai' miiiing did not seem to improve the homogereity,
but the long prebaking showed some improvement. Exgeriments will be repeated aerd

continued.

The clean room work is progressirg, although it is a iittle behind scheduie

V. EVAPORATED EL F!LMS

On reactivation of Lhis work, the two main objectives are improvements in

maintenance and efficiency. L powder pnhosphors cortaining iodine or galiium
as coactivator, rather than chlorine, have been made, these coactivators, when

fired into the film from the powder phosphors, are intended to improve maintenarce,




both with AC and DC excitation. Yellow-emitting films wereMde, for the first

time, from the jodine or gallium containing powder phosphor 3nd these had

reasonably good emission for the first trial. No new maijnrénce data have been

obtained yet.

Jigs and a dry-box have beer assembled <o that both maftenance a~d effic-

iency measurements can be made in a dry atmosphere. Effijcif¢y measurements

were bequn. So far, the AC efficiencies run about 0.2 lumes PEr Wwatt for the

yeliow-emitting films (as reported in NAVTRADEVLEN 562-1) wiich 1S to be compared

to a maximum of about 0.4 lpw for the best yeliow-emitting #der Phosphors. These

AC efficiencies require an insulating iayer on the film, an/SUCh @ layer is aiso

required for best maintenance {(see same NTDC report; and probab-ly to prevent

cross-contamination when the photoconductive layer i: fired!™ Therefore, most

of the films from now on will be provided with an insulatinglaver: development

of such a layer is regarded as an important aspect of the g, film=PC sandwich,

and equipment refinements to do this are already in progress tea! gains in

efficiency are aiso possibie through the use of insulating WEr>« MgF, and

$i0 are being used at present.

Efficiencies of one or two .umens per watt have been operved from green-
emitting films, and some work is pian~ed o~ thi: tyoe (efficdec'es of the

equivalent green-emitting powder layers run around 2-3 Ipw). fowever, DU EL

is far stronger in the yellow-emitting fiims and, in additiah Y€TY high

sensitivily to AC voitage (perbaps 100 ft-_ at 30 vo!ts 4ogeps) has only been

ob-erved so far in yellow-emitting fi.ms.

Much effort was spent this month in iro~ing out problem in uniformity of

the fitms, partly brought on by the long zeriod during which™ Fi Ims were made

As much of next month as necessary will be spent on this prop®M which is one

of visual appearance more than of utility for testing, etc.




V.

VISITS AND CONFERENCES

On September 6 a trip was made to the Canadian Westinghouse Company, Hamiiton,

Ontario, Canada by Z. Szepesi. Specifications for a subcontract on PC powders

were discussed.




